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The Relativistic Heavy Ion Collider
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RHIC is a QCD Laboratory:
Nucleus- Nucleus collisions (AuAu, CuCu...); Asym. Nucl. (dAu);
Polarized proton-proton; eRHIC - Future
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Elastic and Inelastic Processes

P

In t-channel it is an exchange with quantum numbers of vacuum

Elastic Scattering

p p
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Central Production

p p "
P . .
l=— X
P ,

p p 0 n

In terms of QCD, Pomeron exchange consists of the exchange of a color singlet
combination of gluons. Hence, triggering on forward protons at high (RHIC)
energies predominantly selects exchanges mediated by gluonic matter.
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Summary of the Existing Data

50 500 (unpolarized)

Highest energy so far:

AL A pp: 63 GeV (ISR)
pp: 1.8 TeV (Tevatron)

\ PP2PP

—m—-
a

[ = o
P T

e pp | pPp2pp energy range:
L T i AR SR U Ry 50 GeV = Vs = 500 GeV

pp2pp |f|-range:
(at Vis = 500 GeV)

-0.2 :
PPN v RN 42104 GeV2< |t| = 1.3 GeV?
L e [ -
S 16l I ! 5 E One cannot assume that because of the
Y kb it E existence of the models, the data in pp
S T ] at the ISR, and pp data at SppS and the
125 0, gpe . Tevatron one can predict with
10 Lon® i ] sufficient accuracy do/dt and oy, in the

T 2 1 3 :
e s 10 10 RHIC V. |
Center of Mass energy Vs [GeV] § range

Small-x and Diffraction Wtodek Guryn BROOKHFVEN 6
Fermilab, March 28, 2006 NATIDNAL LABORATORY



PP2PP Forward slope B from 2002 engineering run

Fit |¢|-distribution with

dN 4rc(ocGEz)2
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Using fits to world data of o,,; = 51.6 mb

and p=0.13
Fit B for 0.010 GeV?2

B=(16.3 = 1.6 = 1.0) GeV-2
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Helicity Amplitudes 1in Elastic Scattering

Five helicity amplitudes describe proton-proton elastic scattering

§:(5,1) & (++ | M | ++) < non - flip @wﬂD

@, (s,) « (++ | M | ——) < double - flip 6, = V56, +93)
¢, (s,¢) < (+— | M | +=) < non - flip
, 6. = Y301 -93)
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Some of the measured quantities in elastic scattering are:

47 .
Otor (8)=—Im[¢, (s,1)] _,, where 0, gives s dependence of ¢, Optical Theorem
. _

2
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Source of single spin analyzing power Ay

Ay

=

b =) = im (g, + 9 = ri(9) = 1o,
m 2 m

p p

Single spin asymmetry (left -right) Ay arises in the
CNI region from to the interference of hadronic non-
flip amplitude with electromagnetic spin-flip
amplitude.

Any difference from the above is an indication of
other contributions: hadronic spin flip caused by
resonance (Reggeon) or vacuum exchange
(Pomeron) contributions.

*B. Z. Kopeliovich and L. I. Lapidus Sov. J. Nucl. Phys. 114 (19) 1974

*N. H. Buttimore, B. Z. Kopeliovich, E. Leader, J. Soffer, T. L. Trueman,

Phys. Rev. D59, (1999) 114010.

*T.L. Trueman hep-ph/0604153
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Analyzing power
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The Setup

RP ¢ Top View RP
+—C—o—Hf P i—e-S—
—_— AT St St FANT/A —
VL \ / VA

Inelastic detectors (scintillators)
| |
I

-57 m 0

Side YMew

|
|
57 m
L Arm A Arm B Carsr
] E:S\ Arm B Arm A iy Yy

v || Elagtic trigger d etector
| (scintillator)

x-detector (silicon) ;1 _ _1;’2 — (®.1x’®; )= (_ Qia_(ai)

Scattered
proton

Small-x and Diffraction Wtodek Guryn BROOKHFVEN 10
Fermilab, March 28, 2006 NATIOPAL LABORATORY



Roman Pot Stations at RHIC

below thé beam
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Hit Correlations Before the Cuts

Events with only eight hits

Note: the background appears enhanced because of the “saturation” of the main band

It 1s due mainly to beam halo and beam-gas interactions
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After the cuts the background in the final sample is = 0.5% =+ 2% depending on y (vertical)
coordinate
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Results: Full bin 0.01 < -t <0.03 (GeV/c)?

Fit € cos(¢p) dependence to obtain A

P, (++,--)=0.345 = 0.066 Py (++,--)=0.532 + 0.106
oot w2 /ndf  26.0573/23
ook SN Ev 0.0187 + 0.0020
:3\;002
;0_01" PB —|— PY: 0.87710. 149
% "
x o
0 01; Statistical errors
< > < >
Arm A Arm B
Py (+-,-1)=0.476 = 0.085 P, (+-,-+)=0.430 = 0.089

Note: The calculated false asymmetry €z =-0.0011 is consistent with measured & =-0.0016
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Results: Ay and 15
Phys. Lett. B 632, (2006) 167-172
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Rers; = -0.033 £0.035 , Imr; = -0.43 £0.56

Statistical and systematic errors added in quadratures, 17.0% normalisation error due to beam
polarisation uncertainty, not included.

Our result is suggestive at 10 level of the hadronic spin flip (need more data to resolve).

|t|-range, <|t|>9 ASS 0-Ass (st.+sys) ANN 0-Ann (st.+sys)
(GeV/c)? (GeV/c)?

0.010-0.030 0.019 0.0035 | 0.0081 | 0.0298 | 0.0166
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Ay: Polarized jet target at RHIC

H. Okada et. al Physics Letters B 638 450 (2006) and E704 experiment
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hadronic spin — flip contribution are small
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o =) 3 )

2mp

Imr;= 0.002 = 0.029
Re r; =-0.006 = 0.007
y?/ndf=10/12

uncertainty on the

P(Ap = = 0.03) parameter
can change at the same level
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Calculation of Ay an Agq

N (@)/L'""+ N (p)/L"-N"(p)/L"" =N " (@)/L"

o(p) = - E—— — -
N (@)/L™"+ N (p)/L"+ N"(p)/L" + N "(¢p)/L"
Luminosity normalization is done using;: Double spin row osymemetry ()
1.The machine bunch intensities: * F K 2% 53 + o.108uc02
IJ i ) . o - 4788E—02 + 0.2965E—-02
L ~21 B-fY over bunches with given 1, 00078 |
2.The inelastic counters o005 [-
The two methods agreed. 0.0025 :_\\—— /__/
Distributions o(¢) were fitted with iy S ]
(P,sin%q+ P,-cos?q) where fooose I
P\=Py-Py-Aggand P=Py-Py-Ayy TR Jr -
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Results: Ay and Agg

PLB 647 (2007) 98-103

OAnn (stat. :
|t|-range, (Gevic)?* |<|t|>, (GeV/ic)}| Agg Oass (stat.+norm.) Axn nn (stat.+norm.)

0.010-0.030 0.019 0.0035 0.0081 0.0298 0.0166

r,=¢,/(2-Im¢,), where ¢, = %(q&l +¢@3)

Imr, =0.0019 £0.0052 Rer, = -0.025 + 0.065

r, 18 consistent with zero, still small (5%) contribution of Odderon not excluded

For the latest discussion see
T.L. Trueman hep-ph/0604153
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Summary

We have measured the single spin analyzing power A, in polarized pp elastic
scattering at Vs = 200 GeV, highest to date, in t-range [0.01,0.03] (GeV/c)>.

The A is = 4-50 from zero.

The Ay is = 10 away from a CNI curve, which does not have hadronic spin flip
amplitude. This might be suggestive of the hadronic spin flip.

Result on A, A have been obtained, small contribution from Odderon is
not excluded

In order to understand better underlying dynamics one needs to map Vs and t-
dependence of A, and also measure other spin related variables (A y, A ¢,

ALL’ ASL)'

The program of elastic scattering and inelastic diffraction will continue within
STAR experiment at RHIC.
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PP2PP Roman Pots and STAR

Need detectors to tag forward protons and detector with good acceptance and
particle ID to measure central system
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Central Production in DPE

Central Production

P p 0 n

In the double Pomeron exchange process each proton “emits” a Pomeron and
the two Pomerons interact producing a massive system M.

The massive system could form resonances or consist of jet pairs. Because of
the constraints provided by the double Pomeron interaction, glueballs, and
other states coupling preferentially to gluons, will be produced with much
reduced backgrounds compared to standard hadronic production processes.
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Central Production Has a Long History

A search for glueballs and a study of double pomeron exchange at the CERN ISR

Nuclear Physics B, Volume 264, 1986, Pages 154-184, T. Akesson, M. G. Albrow, et al.
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3.6-10° events, high statistics pp—ppat*n- shows behaviour S-wave
dominance up to M= 1600 MeV
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Acceptance Study DPE

0.12
_._ .
— i - _._ _._

_o_

0.1

acceptance

0.08
@ RP's at 58m & 61m with RPmin=(12mm,10mm)

0.06

< RP's at 45m & 58m with RPmin=(7mm,10mm)
0.04

0.02
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With the expected luminosity we can collect about 450,000, triggered DPE events, for
which the proton momentum is reconstructed. One assumes a 10ubarn cross section
within our acceptance for the DPE process, where it is required that two RPs on each side
are used allowing reconstruction of the outgoing proton momentum.

Number of events for which only one proton tag is used is factor of 4-5 higher.
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STAR Detector

STAR Detector

Coils Magnet —Tracker

Calorimeter

Time Projection
— Chamber

Time Of

Electronics
Platforms

Forward Time Projection Chamber

Time Projection Chamber o(dE/dx) = 8%,|n|<1; EM Calorimeter; ToF system...
See STAR talks by Yuri Gorbunov and Hank Crawford for more details.
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Resonance Signal in p+p and Au+Au collisions from STAR
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Plan for Run 8 and Performance
With a dedicated run including setup and about 40 hrs of data taking:

1. Elastic scattering:

 100% acceptance for elastic scattering for 0.003 < [t| < 0.024;
«  20x106° elastic events: Ab=0.31 (GeV/c)?, Ap=0.01, Ao, = 2-3 mb;

* Infour t subintervals we shall have 5x106 events in each resulting in
corresponding errors 6A,=0.0017, 6A,,=0A,.=0.003.

1. DPE process in Phase |: With luminosity 3x102° cm-2sec! we estimate:

e  About 4-10° events with the proton tag, proton in either pot, of the order

of the ISR experiment.
e 4.5-10° DPE events with fully reconstructed proton momentum.
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Summary

The physics program of tagged forward protons with STAR at RHIC can:

1.

Study standard hadron diffraction both elastic and inelastic and its spin
dependence in unexplored t and Vs range;

Study the structure of color singlet exchange in the non-perturbative
regime of QCD.

. Search for central production of light and massive systems in double

Pomeron exchange process - glueballs.
Search for an Odderon - an eigenstate of CGC.

Those studies will add to our understanding of QCD in the non-perturbative

regime where calculations are not easy and one has to be guided by
measurements.

There 1s a great potential for important discoveries
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